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FIG. 2
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FIG. 3
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FIG. 4
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FIG. 13
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FIG. 16
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FIG. 19
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FIG. 24
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FIG. 25A
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FIG. 29
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FIG. 33
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present disclosure?
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v
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FIG. 35
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FIG. 36
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FIG. 38A
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1
MOVING PICTURE CODING AND
DECODING METHOD WITH
REPLACEMENT AND TEMPORAL MOTION
VECTORS

FIELD

One or more exemplary embodiments of the present
disclosure relates to a moving picture coding method and a
moving picture decoding method.

BACKGROUND

In a video coding process, the amount of information is
generally compressed utilizing redundancy in a spatial direc-
tion or a temporal direction of a video. Here, transform into
a frequency domain is generally used as a method utilizing
redundancy in a spatial direction. On the other hand, inter
picture prediction (hereinafter referred to as inter prediction)
is used as a method utilizing redundancy in a temporal
direction.

When coding a coding target picture in an inter prediction
coding process, a coded picture located forward or backward
of the coding target picture in display time order is used as
a reference picture. A motion vector is derived from the
reference picture by performing motion estimation for the
coding target picture. Then, the redundancy in the temporal
direction is removed by calculating the difference between
the prediction image data obtained by performing motion
compensation based on the motion vector and the image data
of the coding target picture. Here, in the motion estimation,
the value of difference between a coding target block in the
coding target picture and each of the blocks in the reference
picture is calculated, and the block having the minimum
difference value in the reference picture is determined as a
reference block. The motion vector is estimated using the
coding target block and the reference block.

In the standardized video coding standard called H.264,
three types of pictures called I-picture, P-picture, and B-pic-
ture are used to compress the amount of information. An
I-picture is a picture for which no inter prediction coding
process is performed, in other words, for which only intra
picture prediction (hereinafter referred to as intra prediction)
coding processes are performed. A P-picture is a picture for
which inter prediction coding is performed with reference to
only a coded picture located forward or backward of a
coding target picture in display time order. A B-picture is a
picture for which inter prediction coding is performed with
reference to two coded pictures each located forward or
backward of a coding target picture in display time order.

In addition, the video coding standard called H.264 sup-
ports motion vector estimation modes for coding the value
of difference between prediction image data and a coding
target block and a motion vector used to generate the
prediction image data, as coding modes for performing inter
prediction on each of coding target blocks in a B-picture. As
the motion vector estimation modes, the following direc-
tions can be selected: a bidirectional prediction for gener-
ating a prediction image with reference to two coded pic-
tures located forward or backward of a coding target picture;
and a unidirectional prediction for generating a prediction
image with reference to a coded picture located forward or
backward of a coding target picture.

In addition, in the video coding standard called H.264, it
is possible to select a coding mode called a temporal motion
vector predictor mode when deriving a motion vector in
coding of a B-picture. The inter prediction coding method in

10

15

20

25

30

35

40

45

50

55

60

65

2

the temporal motion vector predictor mode is described with
reference to FIG. 19. FIG. 19 is an illustration of motion
vectors in the temporal motion vector predictor mode, and
shows a case of coding a block a in a picture B2 using the
temporal motion vector predictor mode.

In this case, a motion vector vb which is of a block b
co-located with the block a and in the picture P3 is used. The
picture P3 is a reference picture located backward of the
picture B2. The motion vector vb is a motion vector used in
the coding of the block b, and shows reference to a picture
P1. The block a is coded by bidirectional prediction using a
reference block obtained from the picture P1 which is a
forward reference picture and a picture P3 which is a
backward reference picture using a motion vector parallel to
the motion vector vb. In other words, the motion vectors
used in the coding of the block a is a motion vector val in
relation to the picture P1 and a motion vector vat in relation
to the picture P3.

CITATION LIST
Non Patent Literature

[NPL 1]
ITU-T Recommendation H.264 “Advanced Video Coding
for generic audiovisual services”, March, 2010

SUMMARY
Technical Problem

However, in the conventional temporal motion vector
predictor mode, when information of a reference picture
having information such as a motion vector to be used to
calculate a temporal motion vector predictor is lost, for
example, due to a packet loss in streaming distribution, it is
impossible to calculate a correct temporal motion vector
predictor, resulting in a deteriorated decoded image. Fur-
thermore, the error propagates to pictures which refer to the
decoded image, which may result in stoppage of the decod-
ing process. For example, when information of the reference
picture P3 in FIG. 19 is lost, it is impossible to calculate a
temporal motion vector predictor for the picture B2. This
may makes it impossible to perform correct decoding of the
picture B2, which may result in stoppage of the decoding
process.

One non-limiting embodiment has been made in view of
this to provide a moving picture coding method and a
moving picture decoding method for effectively preventing
error propagation in decoding processes.

Solution to Problem

In one general aspect, the techniques disclosed here
feature a moving picture coding method for performing inter
prediction coding on a coding target block included in a
coding target picture, the moving picture coding method
including: coding the coding target block using a motion
vector; generating a plurality of motion vector predictors;
and coding the motion vector using one of the plurality of
motion vector predictors generated in the generating,
wherein, in the generating, a replacement vector which
replaces a temporal motion vector predictor is included in
the plurality of motion vector predictors when it is impos-
sible to obtain the temporal motion vector predictor from a
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block which is included in a coded picture different from the
coding target picture and corresponds to the coding target
block.

These general and specific aspects may be implemented
using a system, an apparatus, an integrated circuit, a com-
puter program, or a computer-readable recording medium
such as a CD-ROM, or any combination of systems, appa-
ratuses, integrated circuits, computer programs, or com-
puter-readable recording media.

Additional benefits and advantages of the disclosed
embodiments will be apparent from the Specification and
Drawings. The benefits and/or advantages may be individu-
ally obtained by the various embodiments and features of the
Specification and Drawings, which need not all be provided
in order to obtain one or more of such benefits and/or
advantages.

Advantageous Effects

According to one or more exemplary embodiments of the
moving picture coding method, it is possible to prevent
decoding error propagation while suppressing decrease in
coding efficiency by selectively including a temporal motion
vector predictor or a replacement vector in motion vector
predictor candidates.

BRIEF DESCRIPTION OF DRAWINGS

These and other advantages and features will become
apparent from the following description thereof taken in
conjunction with the accompanying Drawings, by way of
non-limiting examples of embodiments disclosed herein.

FIG. 1 is a block diagram of a moving picture coding
apparatus according to Embodiment 1.

FIG. 2 is a diagram showing a schematic flow of pro-
cesses in a moving picture coding method according to
Embodiment 1.

FIG. 3 shows examples of motion vector predictor can-
didates.

FIG. 4 shows an example of a code table for use in
performing variable length coding on the motion vector
predictor indices.

FIG. 5 shows a flow of determining a motion vector
predictor candidate.

FIG. 6 is a conceptual diagram showing processes of
reading from and writing to a colPic memory and a global
vector storing unit.

FIG. 7A is a diagram showing detailed processing flow of
Step S11 in FIG. 2.

FIG. 7B shows examples of B-pictures which are referred
to by other pictures.

FIG. 8 is a diagram showing detailed processing flow of
Step S17 in FIG. 2.

FIG. 9 is a diagram showing detailed processing flow of
Steps S13 and S14 in FIG. 2.

FIG. 10A is a diagram showing an exemplary method of
deriving a motion vector predictor candidate using a forward
reference motion vector.

FIG. 10B is a diagram showing an exemplary method of
deriving a motion vector predictor candidate using a back-
ward reference motion vector.

FIG. 11A is a diagram showing an exemplary method of
deriving a motion vector predictor candidate using a back-
ward reference motion vector.

FIG. 11B is a diagram showing an exemplary method of
deriving a motion vector predictor candidate using a forward
reference motion vector.
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FIG. 12 is a block diagram of a moving picture decoding
apparatus according to Embodiment 2.

FIG. 13 is a diagram showing a schematic flow of
processes in a moving picture decoding method according to
Embodiment 2.

FIG. 14 is a diagram showing examples of syntax of a
bitstream in the moving picture decoding method according
to Embodiment 2.

FIG. 15 is a block diagram of a moving picture coding
apparatus according to Variation of Embodiment 1.

FIG. 16 is a flowchart of operations in a moving picture
coding method according to Variation of Embodiment 1.

FIG. 17 is a diagram showing pictures in a base view and
pictures in a dependent view.

FIG. 18 is a block diagram of a moving picture decoding
apparatus according to Variation of Embodiment 2.

FIG. 19 is an illustration of motion vectors in a temporal
motion vector predictor mode.

FIG. 20 shows an overall configuration of a content
providing system for implementing content distribution ser-
vices.

FIG. 21 shows an overall configuration of a digital
broadcasting system.

FIG. 22 shows a block diagram illustrating an example of
a configuration of a television.

FIG. 23 shows a block diagram illustrating an example of
a configuration of an information reproducing/recording unit
that reads and writes information from and on a recording
medium that is an optical disk.

FIG. 24 shows an example of a configuration of a record-
ing medium that is an optical disk.

FIG. 25A shows an example of a cellular phone.

FIG. 25B is a block diagram showing an example of a
configuration of a cellular phone.

FIG. 26 illustrates a structure of multiplexed data.

FIG. 27 schematically shows how each stream is multi-
plexed in multiplexed data.

FIG. 28 shows how a video stream is stored in a stream
of PES packets in more detail.

FIG. 29 shows a structure of TS packets and source
packets in the multiplexed data.

FIG. 30 shows a data structure of a PMT.

FIG. 31 shows an internal structure of multiplexed data
information.

FIG. 32 shows an internal structure of stream attribute
information.

FIG. 33 shows steps for identifying video data.

FIG. 34 shows an example of a configuration of an
integrated circuit for implementing the moving picture cod-
ing method and the moving picture decoding method
according to each of embodiments.

FIG. 35 shows a configuration for switching between
driving frequencies.

FIG. 36 shows steps for identifying video data and
switching between driving frequencies.

FIG. 37 shows an example of a look-up table in which
video data standards are associated with driving frequencies.

FIG. 38A is a diagram showing an example of a configu-
ration for sharing a module of a signal processing unit.

FIG. 38B is a diagram showing another example of a
configuration for sharing a module of the signal processing
unit.
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DESCRIPTION OF EMBODIMENTS

(Outline of One or More Exemplary Embodiments of the
Present Disclosure)

A moving picture coding method according to one exem-
plary embodiment of the present disclosure is a method for
performing inter prediction coding on a coding target block
included in a coding target picture. More specifically, the
moving picture coding method including: coding the coding
target block using a motion vector; generating a plurality of
motion vector predictors; and coding the motion vector
using one of the plurality of motion vector predictors
generated in the generating, wherein, in the generating, a
replacement vector which replaces a temporal motion vector
predictor is included in the plurality of motion vector
predictors when it is impossible to obtain the temporal
motion vector predictor from a block which is included in a
coded picture different from the coding target picture and
corresponds to the coding target block.

With this structure, it is possible to prevent decoding error
propagation while suppressing decrease in coding efficiency
by selectively including a temporal motion vector predictor
or a replacement vector in motion vector predictor candi-
dates.

In addition, for example, in the generating, a motion
vector having a motion quantity of 0 may be included, as the
replacement vector, in the plurality of motion vector pre-
dictors when obtainment of the temporal motion vector
predictor from the coded picture is prohibited.

In addition, for example, in the generating, the number of
pictures coded according to the moving picture coding
method may be counted, and obtainment of the temporal
motion vector predictor from the coded picture may be
prohibited when the coding target picture is coded, the
coding target picture being a picture coded at time at which
the number of coded pictures exceeds a predetermined
value.

In addition, for example, the moving picture coding
method may be a method of coding pictures each of which
is in a base view or a dependent view included in a
mufti-view video, and may further include generating a
parallax vector corresponding to parallax between the base
view and the dependent view. In addition, in the generating,
the parallax vector may be included, as the replacement
vector, in the plurality of motion vector predictors when the
coding target picture is in the dependent view and is a
starting picture in a Group Of Pictures (GOP).

In addition, for example, the moving picture coding
method may be a method of coding pictures each of which
is in a base view or a dependent view included in a
mufti-view video, and further includes generating a parallax
vector corresponding to parallax between the base view and
the dependent view. In addition, for example, in the gener-
ating, the parallax vector may be included, as the replace-
ment vector, in the plurality of motion vector predictors
when obtainment of the temporal motion vector predictor
from the coded picture is prohibited.

In addition, for example, the parallax vector may be
calculated using a motion vector obtained when inter-view
prediction is performed on each of blocks included in the
picture in the dependent view, using the picture included in
the base view and corresponding to the picture in the
dependent view. In addition, in the generating, the parallax
vector may be included, as the replacement vector, in the
plurality of motion vector predictors, the parallax vector
being used when coding a starting picture in a GOP imme-
diately before the GOP including the coding target picture.

10

15

20

25

30

35

40

45

50

55

60

65

6

In addition, for example, the parallax vector may be
calculated using a motion vector obtained when inter-view
prediction is performed on each of blocks included in the
dependent view, using the picture included in the base view
and corresponding to the picture in the dependent view. In
addition, in the generating, the parallax vector may be
included, as the replacement vector, in the plurality of
motion vector predictors, the parallax vector being used
when coding a picture coded immediately before the coded
picture.

The moving picture decoding method according to one
exemplary embodiment of the present disclosure is a method
for performing inter prediction decoding on a decoding
target block in a decoding target picture. More specifically,
the moving picture decoding method includes: generating a
plurality of motion vectors; decoding the motion vector
using one of the plurality of motion vector predictors
generated in the generating; and decoding the decoding
target block using the motion vector decoded in the decod-
ing. In the generating, a replacement vector which replaces
a temporal motion vector predictor is included in the plu-
rality of motion vector predictors when it is impossible to
obtain the temporal motion vector predictor from a block
which is included in a decoded picture different from the
decoding target picture and corresponds to the decoding
target block.

The moving picture coding method according to one
exemplary embodiment of the present disclosure is a method
of coding the coding target block using a reference motion
vector of a reference block included in a reference picture
different from a coding target picture including the coding
target block. The reference block in the reference picture is
co-located with the coding target block in the coding target
picture. The image coding method includes: determining a
value of a predetermined flag indicating whether to use a
first reference motion vector of the reference block or a
second reference motion vector of the reference block at the
time of motion vector coding on the coding target block;
assigning a bitstream a third reference motion vector calcu-
lated from the second reference motion vector when the
predetermined flag indicates use of the second reference
motion vector of the reference picture; coding a motion
vector for the coding target block according to the value of
the predetermined flag; and a flag assigning unit of assigning
the bitstream the predetermined flag.

In addition, for example, the determining may include:
counting the number of coded pictures among the coding
target pictures; and, when the number of coded pictures is
smaller than a predetermined value, determining use of the
first reference motion vector of the reference block at the
time of motion vector coding on the coding target block; and
when the number of coded pictures among the coding target
pictures is larger than or equal to the predetermined value,
determining use of the second reference motion vector of the
reference block at the time of motion vector coding on the
coding target block, and resetting the number.

In addition, for example, the second reference motion
vector of the reference picture may be calculated from an
average value of motion vectors of coded blocks in the
reference picture.

In addition, for example, the second reference motion
vector of the reference picture may be calculated from a
motion vector which appears most frequently from among
motion vectors of coded blocks in the reference picture.

In addition, for example, the coding may include, when
the reference block includes two or more reference motion
vectors: selecting one of the reference motion vectors, based
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on whether the reference picture is located forward or
backward of the coding target picture; and coding the motion
vector for the coding target block using the determined
reference motion vector.

In addition, for example, when the reference block
includes forward and backward reference motion vectors, in
the selecting, the forward reference motion vector among the
forward and backward reference motion vectors may be
selected when the coding target block is located forward of
the reference block; and the backward reference motion
vector among the forward and backward reference motion
vectors may be selected when the coding target block is
located backward of the reference block.

In addition, for example, when the reference block
includes one of the forward and backward reference motion
vectors, in the selecting, one of the forward and backward
reference motion vectors which is included in the reference
block may be selected irrespective of a positional relation-
ship between the reference block and the coding target
block.

The moving picture decoding method according to one
exemplary embodiment of the present disclosure is a method
for decoding the decoding target block using a reference
motion vector of a reference block included in a reference
picture different from a decoding target picture including the
decoding target block. The reference block in the reference
picture is co-located with the decoding target block in the
decoding target picture. The image decoding method
includes: decoding a value of a predetermined flag indicat-
ing whether to use a first reference motion vector of the
reference block or to use a second reference motion vector
of the reference picture at the time of motion vector decod-
ing for the decoding target block; decoding, from a bit-
stream, a third reference motion vector calculated from the
second reference motion vector when the predetermined flag
indicates use of the second reference motion vector of the
reference picture; and decoding a motion vector of the
decoding target block according to the value of the prede-
termined flag.

In addition, for example, the decoding may include, when
the reference block includes two or more reference motion
vectors: selecting one of the reference motion vectors, based
on whether the reference picture is located forward or
backward of the decoding target picture; and decoding the
motion vector for the decoding target block using the
determined reference motion vector.

In addition, for example, when the reference block
includes forward and backward reference motion vectors, in
the selecting, the forward reference motion vector among the
forward and backward reference motion vectors may be
selected when the decoding target block is located forward
of the reference block; and the backward reference motion
vector among the forward and backward reference motion
vectors may be selected when the decoding target block is
located backward of the reference block.

In addition, for example, when the reference block
includes one of the forward and backward reference motion
vectors, in the selecting, one of the forward and backward
reference motion vectors which is included in the reference
block may be selected irrespective of a positional relation-
ship between the reference block and the decoding target
block.

In addition, for example, the second reference motion
vector of the reference picture may be calculated from an
average value of motion vectors of decoded blocks in the
reference picture.
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In addition, for example, the second reference motion
vector of the reference picture may be calculated from a
motion vector which appears most frequently from among
motion vectors of decoded blocks in the reference picture.

These general and specific aspects may be implemented
using a system, an apparatus, an integrated circuit, a com-
puter program, or a computer-readable recording medium
such as a CD-ROM, or any combination of systems, appa-
ratuses, integrated circuits, computer programs, or com-
puter-readable recording media.

Hereinafter, exemplary embodiments are described in
detail with reference to the drawings.

It is to be noted that each of the exemplary embodiments
described below shows a general or specific example. The
numerical values, shapes, materials, structural elements, the
arrangement and connection of the structural elements,
steps, the processing order of the steps etc. shown in the
following exemplary embodiments are mere examples, and
therefore do not limit the scope of the appended Claims and
their equivalents. In addition, among the structural elements
in the following exemplary embodiments, structural ele-
ments not recited in any one of the independent claims are
described as arbitrary structural elements.

It is to be noted that the term “coding” may be used to
mean the term “encoding”.

Embodiment 1

FIG. 1 is a block diagram of a moving picture coding
apparatus which performs a moving picture coding method
according to Embodiment 1.

As shown in FIG. 1, the moving picture coding apparatus
100 includes: a subtractor 101, an orthogonal transform unit
102, a quantization unit 103, an inverse quantization unit
104, an inverse orthogonal transform unit 105, an adder 106,
a block memory 107, a frame memory 108, an intra predic-
tion unit 109, an inter prediction unit 110, a switch 111, an
inter prediction control unit 112, a picture type determining
unit 113, a temporal motion vector predictor calculating unit
114, a colPic memory 115, a global vector storing unit 116,
a co-located block information determining unit 117, and a
variable length encoder 118.

The subtractor 101 obtains an input image stream includ-
ing a coding target block from outside of the apparatus,
obtains a prediction block from the switch 111, and outputs
a residual block obtained by subtracting the prediction block
from a coding target block to the orthogonal transform unit
102.

The orthogonal transform unit 102 transforms the residual
block obtained from the subtractor 101 from an image
domain to a frequency domain, and outputs the transform
coeflicients to the quantization unit 103. The quantization
unit 103 quantizes the transform coefficients obtained from
the quantization unit 103, and outputs the quantized coeffi-
cients to the inverse quantization unit 104 and the variable
length encoder 118.

The inverse quantization unit 104 performs inverse quan-
tization on the quantized coefficients obtained from the
quantization unit, and outputs the reconstructed transform
coeflicients to the inverse orthogonal transform unit 105.
The inverse orthogonal transform unit 105 transforms the
reconstructed transform coefficients obtained from the
inverse quantization unit 104 from the frequency domain to
the image domain, and outputs the reconstructed residual
block to the adder 106.

The adder 106 adds the reconstructed residual block
obtained from the inverse orthogonal transform unit 105 and
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the prediction block obtained from the switch 111, and
outputs the reconstructed target block to the block memory
107 and the frame memory 108. The block memory 107
stores the reconstructed input image stream on a block-by-
block basis. The frame memory 108 stores the reconstructed
input image stream on a frame-by-frame basis.

The picture type determining unit 113 determines the
picture type to be used for the coding of the input image
stream from among I-picture, B-picture, and P-picture, and
generates picture type information. The picture type deter-
mining unit 113 outputs the generated picture type informa-
tion to the switch 111, the inter prediction control unit 112,
the co-located block information determining unit 117, and
the variable length encoder 118.

The intra prediction unit 109 performs intra prediction on
the coding target block using the reconstructed block-based
input image stream stored in the block memory 107 to
generate a prediction block, and outputs the generated
prediction block to the switch 111. The inter prediction unit
110 performs inter prediction on the coding target block
using the reconstructed frame-based input image stream
stored in the frame memory 108 and a motion vector derived
through motion estimation to generate a prediction block,
and outputs the generated prediction block to the switch 111.

The switch 111 outputs the prediction block generated by
the intra prediction unit 109 or the prediction block gener-
ated by the inter prediction unit 110 to the subtractor 101 and
the adder 106. For example, the switch 111 outputs one of
the two prediction blocks which has a smaller coding cost.

The co-located block information determining unit 117
determines whether or not to prohibit use of a co-located
block. The co-located block information determining unit
117 generates, for each of pictures, a co-located block use
prohibition flag indicating the result of the determination,
and outputs the flag to the temporal motion vector predictor
calculating unit 114 and the variable length encoder 118.
This co-located block use prohibition flag is included in the
bitstream (typically, in a picture header or a slice header).

In addition, the co-located block information determining
unit 117 determines, as a co-located block, one of a block
(hereinafter referred to as a forward reference block) which
is included in a picture located forward of the coding target
picture in display time order and a block (hereinafter
referred to as a backward reference block) which is included
in a picture located backward of the coding target picture in
display time order. In other words, the forward reference
block is a block included in a reference picture which is
determined by a reference picture list LO. In addition, the
backward reference block is a block included in a reference
picture which is determined by a reference picture list L1.

The co-located block information determining unit 117
generates, for each of the pictures, a co-located reference
block direction flag indicating the result of the determina-
tion, and outputs the flag to the temporal motion vector
predictor calculating unit 114 and the variable length
encoder 118. This co-located reference block direction flag
is included in the bitstream (typically, in a picture header or
a slice header). In addition, when a value indicating “pro-
hibition” is set to the co-located block use prohibition flag,
the co-located reference block direction flag may be omitted.

Here, a co-located block is a block which is in a picture
different from a picture including a coding target block and
is co-located with the coding target block. It is to be noted
that the coding target block and the co-located block are not
always need to be precisely co-located with each other in the
pictures. For example, a block surrounding (neighboring)
the block which is in a picture different from the coding
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target picture and is co-located with the coding target block
may be determined as a co-located block.

The temporal motion vector predictor calculating unit 114
derives a motion vector predictor candidate using colPic
information such as a motion vector of a co-located block
stored in the colPic memory 115 and a global motion vector
of a colPic picture stored in the global vector storing unit,
according to the value of the co-located block use prohibi-
tion flag obtained from the co-located block information
determining unit 117.

More specifically, when the co-located block use prohi-
bition flag is on (prohibition), the temporal motion vector
predictor calculating unit 114 adds the global motion vector
(replacement vector) read from the global vector storing unit
116 to the motion vector predictor candidates. On the other
hand, when the co-located block use prohibition flag is off
(allowance), the temporal motion vector predictor calculat-
ing unit 114 adds the temporal motion vector predictor
calculated using the colPic information read out from the
colPic memory 115 to the motion vector predictor candi-
dates.

In addition, the temporal motion vector predictor calcu-
lating unit 114 assigns the motion vector predictor added as
a candidate a motion vector predictor index value. The
temporal motion vector predictor calculating unit 114 out-
puts the motion vector predictor added as the candidate and
the motion vector predictor index to the inter prediction
control unit 112. On the other hand, when the co-located
block does not have any motion vector, the temporal motion
vector predictor calculating unit 114 stops the motion vector
derivation in a temporal motion vector predictor mode or
derives a motion vector having a motion quantity of 0 as a
motion vector predictor candidate. In addition, the temporal
motion vector predictor calculating unit 114 outputs the
global motion vector to the variable length encoder 118.

The inter prediction control unit 112 determines that a
motion vector is coded using a motion vector predictor
candidate having the minimum difference from a motion
vector derived through motion estimation from among a
plurality of motion vector predictor candidates. Here, for
example, a difference shows the value of difference between
the motion vector predictor candidate and the motion vector
derived through the motion estimation.

In addition, the inter prediction control unit 112 generates
a motion vector predictor index corresponding to the deter-
mined motion vector predictor on a block-by-block basis.
Next, the inter prediction control unit 112 transmits the
motion vector predictor index, and the value of difference
between the motion vector and the motion vector predictor
to the variable length encoder. In addition, the inter predic-
tion control unit 112 transmits colPic information including
the motion vector etc. for the coding target block to the
colPic memory 115. In addition, the inter prediction control
unit 112 transmits the motion vector etc. for the coding target
block to the global vector storing unit 116.

The colPic information including the motion vector etc.
for the coding target block is stored in the colPic memory
115 for use as a vector predictor at the time of coding a next
picture. A global motion vector calculated from the motion
vectors for the coding target blocks in the whole picture is
stored in the global vector storing unit 116 for use as a vector
predictor at the time of coding the next picture.

The variable length encoder 118 generates a bitstream by
performing a variable length coding process on: the quan-
tized coefficients obtained from the quantization unit 103;
the motion vector predictor index, the value of difference
between the motion vector and the motion vector predictor
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obtained from the inter prediction control unit 112; the
picture type information obtained from the picture type
determining unit 113; the co-located block use prohibition
flag and the co-located reference block direction flag
obtained from the co-located block information determining
unit 117; and the temporal global motion vector predictor
obtained from the temporal motion vector predictor calcu-
lating unit 114.

FIG. 2 is a diagram showing a schematic flow of pro-
cesses in a moving picture coding method according to
Embodiment 1.

The co-located block information determining unit 117
determines co-located block information such as co-located
block use prohibition flag and co-located reference block
direction flag according to a later-described method when
deriving a motion vector predictor candidate in the temporal
motion vector predictor mode (S11).

Next, the temporal motion vector predictor calculating
unit 114 determines whether or not the co-located block use
prohibition flag is on (prohibition) (S12). When the result of
the determination is true (Yes in S12), the temporal motion
vector predictor calculating unit 114 reads a global motion
vector from the global vector storing unit 116 and adds the
read-out global motion vector to header information such as
a picture header (S13).

Next, the temporal motion vector predictor calculating
unit 114 adds the global motion vector, as a replacement
vector which replaces the temporal motion vector predictor,
to motion vector predictor candidates. In addition, the tem-
poral motion vector predictor calculating unit 114 assigns
the motion vector predictor added as the candidate a motion
vector predictor index value.

On the other hand, when the co-located block use prohi-
bition flag is off (No in S12), the temporal motion vector
predictor calculating unit 114 reads colPic information
including a reference motion vector etc. for a co-located
block from the colPic memory according to the co-located
block information, and adds a temporal motion vector pre-
dictor calculated using the reference motion vector of the
co-located block to the motion vector predictor candidates
(S817). In addition, the temporal motion vector predictor
calculating unit 114 assigns the motion vector predictor
added as the candidate a motion vector predictor index
value.

In general, a smaller motion vector predictor index value
shows a smaller amount of necessary information. On the
other hand, a larger motion vector predictor index value
shows a larger amount of necessary information. Accord-
ingly, coding efficiency is increased when a small motion
vector predictor index value is assigned to a motion vector
having a high possibility of becoming a highly accurate
motion vector.

Next, the inter prediction unit 110 performs inter predic-
tion using a motion vector derived through motion estima-
tion to generate a prediction block for the coding target
block. Subsequently, the subtractor 101, the orthogonal
transform unit 102, the quantization unit 103, and the
variable length encoder 118 operate to perform coding
processes on the coding target block using the prediction
block generated by the inter prediction unit 110.

In addition, the inter prediction control unit 112 codes a
motion vector using a motion vector predictor having the
minimum difference from the motion vector selected from
among the plurality of motion vector predictor candidates.
The inter prediction control unit 112 determines, to be
differences, the values of differences between the respective
motion vector predictor candidates and the motion vector
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derived through the motion estimation, and determines the
motion vector predictor having the minimum difference to
be a motion vector predictor for use in the coding of the
motion vector.

Next, the inter prediction control unit 112 outputs the
motion vector predictor index corresponding to the selected
motion vector predictor, and the difference information
between the motion vector and the motion vector predictor
to the variable length encoder 118. The variable length
encoder 118 performs variable length coding on the motion
vector index and the difference information obtained from
the inter prediction control unit 112, and includes them in the
bitstream.

Next, the inter prediction control unit 112 stores the colPic
information including the motion vector etc. used in the inter
prediction in the colPic memory 115. In order to calculate a
temporal motion vector predictor for the coding target block,
a motion vector in a reference picture, an index value of the
reference picture, and a prediction direction etc. are stored in
the colPic memory 115. In addition, the inter prediction
control unit 112 stores a motion vector etc. used in the inter
prediction in the global vector storing unit 116 (S16).

FIG. 3 shows examples of motion vector predictor can-
didates. A motion vector A (MV_A) is a motion vector for
a neighboring block A located to the left of the coding target
block. A motion vector B (MV_B) is a motion vector for a
neighboring block B located above the coding target block.
A motion vector C (MV_C) is a motion vector of a neigh-
boring block C located right above the coding target block.
In addition, Median (of MV_A, MV_B, MV_C) shows a
median value of the motion vectors A, B, and C. Here, the
median value is derived using, for example, Expressions 1 to
3 as shown below.

[Math. 1]

Median(x, y, z) = (Expression 1)

X+ y+ 2 —Min(x, Min(y, z)) — Max(x, Max(y, 2))

[Math. 2]

Min(x, y) = {x x=y (Expression 2)
y x>y

[Math. 3]

Max(x, y) = { ¥ =) (Expression 3)
y <y

The motion vector predictor index values are as follows:
the value corresponding to the Median (of MV_A, MV_B,
MV _QC) is 0; the value corresponding to the motion vector A
is 1; the value corresponding to the motion vector B is 2; the
value corresponding to the motion vector C is 3; and the
value corresponding to the temporal motion vector predictor
(or a replacement vector) is 4. How to assign values to the
motion vector predictor indices are not limited to this
example.

FIG. 4 shows an example of a code table for use in
performing variable length coding on the motion vector
predictor indices. In the example of FIG. 4, codes are
assigned to the motion vector predictor indices such that a
code having a shorter code length is assigned to a motion
vector predictor index having a smaller value. Accordingly,
it is possible to increase the coding efficiency by assigning
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a small motion vector index value to a motion vector
predictor candidate having a high possibility of yielding a
high prediction accuracy.

FIG. 5 is a diagram of a motion vector predictor candidate
determination flow performed by the inter prediction control
unit 112. According to the flow shown in FIG. 5, the motion
vector predictor candidate having the minimum difference
from the motion vector derived through the motion estima-
tion is determined to be the motion vector predictor which
is used when the motion vector is coded. Next, the infor-
mation about the difference between the motion vector and
the motion vector predictor and the motion vector predictor
index indicating the determined motion vector predictor are
variable-length coded and included in the bitstream.

More specifically, first, the inter prediction control unit
112 initializes the motion vector predictor candidate index
mvp_idx and the minimum motion vector difference (S21).
Next, the inter prediction control unit 112 compares a
motion vector predictor candidate index mvp_idx and the
number of motion vector predictors (the number of records
in a table shown in FIG. 3) (S22).

When mvp_idx< the number of motion vector predictors
is satisfied (Yes in S22), the inter prediction control unit 112
calculates a motion vector difference (difference informa-
tion) using one of the plurality of motion vector predictor
candidates (S23). For example, the inter prediction control
unit 112 calculates a motion vector difference by subtracting
a motion vector predictor having a motion vector predictor
index of 0 in FIG. 3 from a motion vector used to code a
coding target block.

Next, the inter prediction control unit 112 compares the
motion vector difference calculated in Step S23 and the
minimum motion vector difference (S24). When a motion
vector difference< the minimum motion vector difference is
satisfied (Yes in S24), the inter prediction control unit 112
sets (overwrites) the motion vector difference calculated in
Step S23 to the minimum motion vector difference, and sets
(overwrites) the current mvp_idx to the motion vector
predictor index (S25). On the other hand, when a motion
vector difference= the minimum motion vector difference is
satisfied (No in S24), Step S25 is skipped.

The inter prediction control unit 112 increments the
mvp_idx by 1 (S26), and repeatedly executes the above-
described processes by the number of times corresponding
to the number of motion vector predictors (Steps S22 to
S26). The inter prediction control unit 112 outputs the
minimum motion vector difference and a value which is set
to the motion vector predictor index to the variable length
encoder 118 at the time when mvp_idx=the number of
motion vector predictor candidates is satisfied (S22), to
complete the processes in FIG. 5 (S27).

FIG. 6 is a conceptual diagram showing processes of
reading from and writing into the colPic memory 115 and the
global vector storing unit 116 shown in FIG. 1. In FIG. 6, a
motion vector mvColl in a prediction direction 1 and a
motion vector mvCol2 in a prediction direction 2 of the
co-located block in a co-located picture colPic are stored in
the colPic memory 115 and the global vector storing unit
116.

Here, the co-located block is a block which is in the
co-located picture colPic and is co-located with the coding
target block. In addition, whether the co-located picture
colPic is the one located backward of the coding target
picture or the one located forward of the coding target
picture is switched according to a co-located reference block
direction flag. When the coding target block is coded, the
colPic information including the motion vector etc, stored in
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the colPic memory 115 or the global motion vector in the
global vector storing unit 116 is read out according to the
co-located block use prohibition flag, and is added to the
motion vector predictor candidates.

The motion vector predictor candidate is used to code a
motion vector for the coding target block. Embodiment 1 is
described taking the example where the prediction direction
1 and the prediction direction 2 are determined to be the
forward reference direction and the backward reference
direction, respectively. However, it is to be noted that the
prediction direction 1 and the prediction direction 2 may be
determined to be the backward reference direction and the
forward reference direction, respectively, or both of the
prediction directions 1 and 2 may be determined to be either
the forward reference direction or the backward reference
direction.

The global vector storing unit 116 stores the global
motion vector calculated from the motion vectors for the
coding target blocks of the coding target picture. For
example, it is conceivable to determine, to be the global
motion vector, an average value of the motion vectors in
each prediction direction at the time of inter prediction
coding of the whole coding target picture. Embodiment 1
has been described taking the non-limiting example of
using, as the global vector, the average value of motion
vectors for the coding target blocks of the coding target
picture.

However, for example, it is also possible to determine, as
the global motion vector, a median value or a weighted
average value of motion vectors at the time of performing
inter prediction coding on the coding target blocks of the
coding target picture. Alternatively, it is also possible to
determine, as the global motion vector, the value of a motion
vector having a highest appearance frequency among motion
vectors at the time of performing inter prediction coding on
the coding target blocks of the coding target picture. Alter-
natively, it is also possible to determine, as the global motion
vector, the value of a motion vector which refers to a closet
picture in display order among motion vectors at the time of
the inter prediction coding of the coding target blocks of the
coding target picture.

FIG. 7A is a diagram showing detailed processing flow of
Step S11 in FIG. 2. Hereinafter, FIG. 7A is described.

First, the co-located block information determining unit
117 determines whether or not to use the temporal motion
vector predictor mode using a co-located block for the
coding target picture (S31). Next, the co-located block
information determining unit 117 generates, on a picture-
by-picture basis, a co-located block use prohibition flag
indicating whether or not use of a co-located block is
allowed (a temporal direct mode is allowed), and outputs the
co-located block use prohibition flag to the variable length
encoder 118.

For example, in streaming distribution or the like, it is
conceivable that a co-located block use prohibition flag is on
at certain intervals in order to reduce propagation of a
decoding error due to the temporal motion vector predictor
mode. As an example for achieving this, a method is possible
which involves preparing a counter for counting the number
of coded pictures among the coding target pictures, turning
off a co-located block use prohibition flag when the number
of'coded pictures is smaller than a threshold value, and when
the number of coded pictures amounts to the threshold value,
turning on co-located block use prohibition flag to reset the
counter to 0.

In addition, for example, a method is possible which is
intended to reduce decoding error propagation by turning on
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a co-located block use prohibition flag for each of pictures
which can be reference targets (such as a P-picture, and a
B-picture which can be referred to by another picture) and
turning off a co-located block use prohibition flag for a
picture which cannot be a reference target (such as a
B-picture which cannot be referred to by any other picture).
In this way, it is possible to effectively reduce such decoding
error propagation by turning on the co-located block use
prohibition flag for each picture which is referred to by
another picture.

Next, the co-located block information determining unit
117 determines, to be a co-located block, one of a forward
reference block and a backward reference block (S32). As a
conceivable example, the co-located block information
determining unit 117 determines, to be the co-located block,
one of a co-located block (a forward reference block)
included in a forward reference picture and a co-located
block (a backward reference block) included in a backward
reference picture which is closer to the coding target picture
in distance in display order. Next, the co-located block
information determining unit 117 generates, on a picture-
by-picture basis, a co-located reference block direction flag
indicating whether the co-located block is the forward
reference block or the backward reference block, and out-
puts the co-located reference block direction flag to the
variable length encoder 118.

FIG. 7B shows examples of B-pictures which are referred
to by other pictures. FIG. 7B defines a reference structure
composed of a plurality of layers. A stream is started with an
I-picture, and the pictures other than the starting I-picture are
B-pictures. In addition, in the structure, the picture belong-
ing to a higher level layer among the plurality of layers
refers to a picture belonging to the same level layer or a
picture belonging to a lower level layer.

For example, in FIG. 7B, a picture B1 belonging to a layer
3 refers to a picture 10 belonging to a layer O and a picture
Br2 belonging to a layer 2. In addition, a picture Bf8
belonging to the lowermost level layer O refers to the picture
10 in the same layer. Here, in the structure, each of the
pictures belonging to the lowermost level layer O refers to
only a picture located forward thereof in display order. In
this reference structure, a conceivable method involves
turning on a co-located block use prohibition flag for each of
the pictures belonging to the layer 0 which has a high
possibility of being referred to by another picture.

FIG. 8 is a diagram showing detailed processing flow of
Step S17 in FIG. 2. Hereinafter, FIG. 8 is described.

First, the temporal motion vector predictor calculating
unit 114 reads, from the colPic memory 115, colPic infor-
mation including a reference motion vector in a prediction
direction 1 and a reference motion vector in a prediction
direction 2 etc. (S41). Next, the temporal motion vector
predictor calculating unit 114 determines whether or not the
co-located block included in the colPic information has two
or more motion vectors (S42). In other words, the temporal
motion vector predictor calculating unit 114 determines
whether or not the co-located block has a forward reference
motion vector (mvL0) and a backward reference motion
vector (mvL1).

When determining that the co-located block has two or
more motion vectors (Yes in S42), the temporal motion
vector predictor calculating unit 114 determines whether or
not the co-located block is the backward reference block
(S43). In other words, the temporal motion vector predictor
calculating unit 114 determines whether or not the picture
including the co-located block is located backward of the
coding target picture in display order.
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Next, when determining that the co-located block is the
backward reference block (Yes in S43), the temporal motion
vector predictor calculating unit 114 derives a temporal
motion vector predictor using a forward reference motion
vector (a motion vector mvL0 corresponding to a reference
picture in a reference picture list 1.0) of the co-located block
in the temporal motion vector predictor mode (S44). Next,
the temporal motion vector predictor calculating unit 114
adds the temporal motion vector predictor calculated in Step
S44 to the motion vector predictor candidates (S45).

On the other hand, when determining that the co-located
block is the forward reference block (No in S43), the
temporal motion vector predictor calculating unit 114
derives a temporal motion vector predictor using a backward
reference motion vector (a motion vector mvL1 correspond-
ing to a reference picture in a reference picture list L1) of the
co-located block in the temporal motion vector predictor
mode (S46), and adds the temporal motion vector predictor
to the motion vector predictor candidates (S45).

On the other hand, when determining that the co-located
block has only one of the forward reference block and the
backward reference block (No in S42), the temporal motion
vector predictor calculating unit 114 determines whether or
not the co-located block has a forward reference motion
vector (S47). When determining that the co-located block
has the forward reference motion vector (Yes in S47), the
temporal motion vector predictor calculating unit 114
derives a temporal motion vector predictor for the coding
target block using the forward reference motion vector of the
co-located block (S48), and adds the temporal motion vector
predictor to the motion vector predictor candidates (S45).

On the other hand, when determining that the co-located
block does not have any forward reference block (No in
S47), the temporal motion vector predictor calculating unit
114 determines whether or not the co-located block has a
backward reference motion vector (S49). When determining
that the co-located block has a backward reference block
(Yes in S49), the temporal motion vector predictor calcu-
lating unit 114 derives a temporal motion vector predictor
for the coding target block using the backward reference
motion vector (S50), and adds the temporal motion vector
predictor to the motion vector predictor candidates (S45).

On the other hand, when determining that the co-located
block does not have any backward reference motion vector
(No in S49), the temporal motion vector predictor calculat-
ing unit 114 terminates the processes in FIG. 8 without
adding the temporal motion vector predictor to the motion
vector predictor candidates (S51). Alternatively, the tempo-
ral motion vector predictor calculating unit 114 may deter-
mine the value of a temporal motion vector predictor for the
co-located block to be 0 (determine the temporal motion
vector predictor to be a motion vector having a motion
quantity of 0), and add the temporal motion vector predictor
to the motion vector predictor candidates.

In the processing flow in FIG. 8, whether or not the
co-located block has a forward reference motion vector is
determined in Step S47, and whether or not the co-located
block has a backward reference motion vector is determined
in Step S49. However, it is to be noted that the processing
flow is a non-limiting example. For example, it is also good
to determine whether or not a co-located block has a
backward reference motion vector, and then determine
whether or not the co-located block has a forward reference
motion vector.

FIG. 9 is a diagram showing detailed processing flow of
Steps S13 and S14 in FIG. 2. Hereinafter, FIG. 9 is
described.
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First, the temporal motion vector predictor calculating
unit 114 reads, from the global vector storing unit 116,
global motion vector information including a global motion
vector in the prediction direction 1 and/or a global motion
vector in the prediction direction 2 (S61). Next, the temporal
motion vector predictor calculating unit 114 determines
whether or not the global motion vector information
includes two or more motion vectors (S62). In other words,
the temporal motion vector predictor calculating unit 114
determines whether or not a forward reference motion vector
(mvL.0) and a backward reference motion vector (mvL1) are
included in the global motion vector information.

When determining that the global motion vector informa-
tion includes two or more motion vectors (Yes in S62), the
temporal motion vector predictor calculating unit 114 deter-
mines the co-located reference block direction is a direction
in which a backward reference block is present (S63). When
determining that the co-located reference block direction is
a direction in which the backward reference block is present
(Yes in S63), the temporal motion vector predictor calcu-
lating unit 114 selects a forward reference motion vector in
the global motion vector information (S64).

Next, the temporal motion vector predictor calculating
unit 114 adds the selected global motion vector to header
information such as a picture header (outputs it to the
variable length encoder 114), and adds the selected global
motion vector to the motion vector predictor candidates for
the coding target block (S65). It is to be noted that the
temporal motion vector predictor calculating unit 114 adds,
to the header information, the information for identifying the
reference picture which is referred to by the selected global
motion vector (more specifically, the reference picture is
referred to by a plurality of motion vectors for use in the
calculation of the global motion vector). This information is
used in a scaling process which is described later with
reference to FIG. 10A to FIG. 11B.

On the other hand, when determining that the co-located
reference block direction is a direction in which a forward
reference block is present (No in S63), the temporal motion
vector predictor calculating unit 114 selects a backward
reference motion vector in the global motion vector infor-
mation (S66). Next, the temporal motion vector predictor
calculating unit 114 adds the selected global motion vector
to header information such as a picture header, and adds the
global motion vector to the motion vector predictor candi-
dates for the coding target block (S65).

In addition, when determining that the global motion
vector information includes only one of the forward refer-
ence block and the backward reference block (No in S62),
the temporal motion vector predictor calculating unit 114
determines whether or not the global motion vector infor-
mation includes a forward reference motion vector (S67).

When determining that the global motion vector informa-
tion includes the forward reference motion vector (Yes in
S67), the temporal motion vector predictor calculating unit
114 selects the forward reference motion vector for the
global motion vector information (S68). Next, the temporal
motion vector predictor calculating unit 114 adds the
selected global motion vector to header information such as
a picture header, and adds the global motion vector to the
motion vector predictor candidates for the coding target
block (S65).

On the other hand, when determining that the global
motion vector information does not include any forward
reference block (No in S67), the temporal motion vector
predictor calculating unit 114 determines whether or not the
global motion vector information includes a backward ref-
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erence motion vector (S69). When determining that the
global motion vector information includes the backward
reference motion vector (Yes in S69), the temporal motion
vector predictor calculating unit 114 selects the backward
reference motion vector for the global motion vector infor-
mation (S70). Next, the temporal motion vector predictor
calculating unit 114 adds the selected global motion vector
to header information such as a picture header, and adds the
global motion vector to the motion vector predictor candi-
dates for the coding target block (S65).

On the other hand, when determining that the global
motion vector information does not include any backward
reference motion vector (No in S67), the temporal motion
vector predictor calculating unit 114 does not add the
temporal motion vector predictor to motion vector predictor
candidates or determine the value of the global motion
vector to be 0 (S71). Next, the temporal motion vector
predictor calculating unit 114 adds the set global motion
vector to header information such as a picture header, and
adds the global motion vector to the motion vector predictor
candidates for the coding target block (S65).

In the processing flow in FIG. 9, whether or not the global
motion vector information includes a forward reference
motion vector is determined in Step S67, and whether or not
the global motion vector information includes a backward
reference motion vector is determined in Step S69. How-
ever, it is to be noted that the processing flow is a non-
limiting example. For example, it is also good to determine
whether or not the global motion vector information
includes the backward reference motion vector, and then
determine whether or not the global motion vector informa-
tion includes the forward reference motion vector.

In addition, as an example, which one of the global
motion vectors mvL0 and mvL1 is selected is determined
according to the co-located reference block direction flag in
Steps S63 to S66 in FIG. 9. However, one or more non-
limiting embodiments of the present disclosure are not
limited to the example. For example, it is also good to select
the global motion vector mvL0 as a motion vector predictor
candidate in the reference picture list LO and select the
global motion vector mvL.1 as a motion vector predictor
candidate in the reference picture list L1. This eliminates the
need that a co-located reference block direction flag is added
to a header when the global motion vector is used, which
further increases the coding efficiency.

Next, a detailed description is given of a scaling method
performed when adding a temporal motion vector predictor
to motion vector predictor candidates. It is to be noted that
the scaling method performed to add the global motion
vector to the motion vector predictor candidates is the same
as the scaling method performed to add the temporal motion
vector predictor to the motion vector predictor candidates
except for using, as an input, the global motion vector
instead of a reference motion vector for a co-located block.

FIG. 10A shows a method of deriving a motion vector
predictor candidate (temporal motion vector predictor) using
a forward reference motion vector in the temporal motion
vector prediction mode when a co-located block is a back-
ward reference block and includes a forward reference
motion vector and a backward reference motion vector.
More specifically, a motion vector predictor candidate (Tem-
poralMV) is derived using the forward reference motion

vector according to Expression 4 below.
TemporalMV=mvLOx(B2-B0)/(B4-B0) (Expression 4)

Here, (B2-B0) is time difference information indicating
the difference between display time of a picture B2 and
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display time of a picture B0. Likewise, (B4-B0) is time
difference information indicating the difference between
display time of a picture B4 and display time of a picture B0.

FIG. 10B shows a method for deriving a motion vector
predictor candidate (temporal motion vector predictor) using
the backward reference motion vector in the temporal
motion vector predictor mode. More specifically, a motion
vector predictor candidate is derived using the backward
reference motion vector according to Expression 5 below.

TemporalMV=mvL1x(B2-B0)/(B4-B8) (Expression 5)

FIG. 11A shows a method for deriving a motion vector
predictor candidate (temporal motion vector predictor) using
a backward reference motion vector in the temporal motion
vector prediction mode when a co-located block is a forward
reference block and includes a forward reference motion
vector and a backward reference motion vector. More spe-
cifically, a motion vector predictor candidate is derived
using the backward reference motion vector according to
Expression 6 below.

TemporalMV=mvL1x(B6-B8)/(B4-B8) (Expression 6)

FIG. 11B shows a method for deriving a motion vector
predictor candidate (temporal motion vector predictor) using
the forward reference motion vector in the temporal motion
vector predictor mode. A motion vector predictor candidate
is derived using the backward reference motion vector
according to Expression 7 below.

TemporalMV=mvLOx(B6—B8)/(B4-B0) (Expression 7)

As described above, the present invention makes it pos-
sible to prevent propagation of a decoding error while
suppressing decrease in coding efficiency by turning off, at
constant intervals, the temporal motion vector predictor
mode using a motion vector for a current coding unit in a
reference picture and instead by adding, in header informa-
tion, a global motion vector of the reference picture, and
coding a motion vector for a coding target picture using the
scaled global motion vector.

More specifically, when a co-located block use prohibi-
tion flag is on, a global motion vector read from the global
vector storing unit 116 is added in motion vector predictor
candidates for the coding target block and assigned to header
information of a picture header or the like. Thus, even if a
reference picture is lost in decoding, it is possible to decode
the bitstream without being affected by the decoding error,
and to thereby reduce error propagation.

In addition, when a co-located block use prohibition flag
is off, it is possible to select the reference motion vector
optimum for the coding target block according to a co-
located reference block direction flag, which makes it pos-
sible to increase the compression efficiency. Particularly
when a co-located block is a forward reference block, it is
possible to reduce a prediction difference using a backward
reference motion vector. A backward reference motion vec-
tor is a motion vector located in a direction from a picture
including the co-located block to the coding target block and
thus has a high possibility of becoming closer to the opti-
mum motion vector. Therefore, the use of the backward
reference motion vector reduces the prediction difference.

On the other hand, a forward reference motion vector is
a motion vector located in the direction opposite to the
direction from a picture including the co-located block to the
coding target block and thus has a low possibility of becom-
ing closer to the optimum motion vector. Therefore, the use
of the forward reference motion vector increases the pre-
diction difference. In addition, also in the case where a
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co-located block is a backward reference block, it is possible
to yield a reduced prediction difference using a forward
reference motion vector having a high possibility of becom-
ing closer to the optimum motion vector.

In Embodiment 1, when the co-located block has two or
more motion vectors, a switch is made between the motion
vectors used for the co-located block to be used for calcu-
lating a temporal motion vector predictor for the coding
target block, depending on whether the co-located block is
a backward reference block or a forward reference block.
However, this is a non-limiting example.

For example, it is also possible to calculate a temporal
motion vector predictor using a motion vector which refers
to the reference picture temporally closest to the picture
including the co-located block (the motion vector is a
motion vector having a shortest temporal distance). Here, it
is conceivable that the temporal distance is determined
depending on the number of pictures between the picture
including the co-located block and the reference picture
referred to by the co-located block in display time order.

In Embodiment 1, when the co-located block has two or
more motion vectors, a switch is made between the motion
vectors used for the co-located block to be used for calcu-
lating a temporal motion vector predictor for the coding
target block, depending on whether the co-located block is
the backward reference block or the forward reference
block. However, this is a non-limiting example. For
example, it is also possible to calculate a temporal motion
vector predictor using the smaller one of the two motion
vectors for the co-located block. Here, the magnitude of a
motion vector means an absolute value or the like of a
motion vector.

In Embodiment 1, when the co-located block use prohi-
bition flag is on, the global motion vector read from the
global vector storing unit 116 is added, as a replacement
vector for a temporal motion vector predictor, to the motion
vector predictor candidates. However, this is a non-limiting
example. For example, it is also good to always determine
the value of the global motion vector to be 0 and add the
global motion vector to motion vector predictor candidates
(specifically, add the motion vector having a motion quantity
ot 0 as the replacement vector to the motion vector predictor
candidates). In this case, there is no need to assign header
information or the like the global motion vector. In addition,
when the co-located block use prohibition flag is on, it is also
good to always skip adding the temporal motion vector
predictor in the motion vector predictor candidates. Such
skipping of inclusion of the temporal motion vector predic-
tor in the motion vector predictor candidates makes it
possible to increase the coding efficiency.

In Embodiment 1, such a co-located block use prohibition
flag may be assigned to only particular pictures instead of
being assigned to each of all the pictures. Examples of
conceivable structures include a structure in which a co-
located block use prohibition flag is assigned only to each of
pictures which are referred to by other pictures (P-pictures,
B-pictures which are referred to by other pictures, and
pictures belonging to the lowermost level layer in a refer-
ence structure composed of a plurality of layers) and no
co-located block use prohibition flag is assigned to each of
pictures which are not referred to by other pictures. As
described above, it is possible to reduce decoding error
propagation while increasing the coding efficiency by
assigning the co-located block use prohibition flag to only
each of the particular pictures.

Although Embodiment 1 relates to the structure in which
a co-located block use prohibition flag is assigned for each
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picture, it is also good to assign such a co-located block use
prohibition flag for each slice composed of a plurality of
blocks. Assignment of a co-located block use prohibition
flag for each slice makes it possible to increase the global
vector prediction accuracy.

Although a co-located block use prohibition flag is
assigned for each of the pictures in Embodiment 1, it is
possible that no co-located block use prohibition flag is
assigned and no temporal motion vector predictor is added
to motion vector predictor candidates, based on a picture
type, without assigning any co-located block use prohibition
flag. For example, it is conceivable that a global vector
predictor may be added to motion vector predictor candi-
dates without adding any temporal motion vector predictor
to motion vector predictor candidates for each of pictures
which are referred to by other pictures (P-pictures, B-pic-
tures which are referred to by other pictures, and pictures
belonging to the lowermost level layer in a reference struc-
ture composed of a plurality of layers). In this way, it is
possible to omit such a co-located block use prohibition flag
by determining whether or not to add the temporal motion
vector predictor to the motion vector predictor candidates,
based on the picture type. Therefore, it is possible to increase
the coding efficiency.

Embodiment 2

FIG. 12 is a block diagram of a structure of a moving
picture decoding apparatus 200 using a moving picture
decoding method according to Embodiment 2.

In Embodiment 2, a block included in a picture located
forward of a decoding target picture in display time order is
referred to as a forward reference block (the picture is a
reference picture identified in a reference picture list L.0). In
addition, a block included in a picture located backward of
the decoding target picture in display time order is referred
to as a backward reference block (the picture is a reference
picture identified in a reference picture list L.1).

As shown in FIG. 12, the moving picture decoding
apparatus 200 includes: a variable length decoder 201, an
inverse quantization unit 202, an inverse orthogonal trans-
form unit 203, an adder 204, a block memory 205, a frame
memory 206, an intra prediction unit 207, an inter prediction
unit 208, a switch 209, an inter prediction control unit 210,
a temporal motion vector predictor calculating unit 211, and
a colPic memory 212.

The variable length decoder 201: performs variable length
decoding on an input bitstream; outputs picture type infor-
mation to the switch 209 and the inter prediction control unit
210; outputs a motion vector predictor index to the inter
prediction control unit 210; outputs a co-located block use
prohibition flag and a co-located reference block direction
flag, and a global motion vector to the temporal motion
vector predictor calculating unit 211; and outputs quantized
coeflicients to the inverse quantization unit 202.

The inverse quantization unit 202 performs inverse quan-
tization on the quantized coefficients obtained from the
variable length decoder 201 to reconstruct transform coef-
ficients, and outputs the reconstructed transform coefficients
to the inverse orthogonal transform unit 203. The inverse
orthogonal transform unit 203 transforms the reconstructed
transform coeflicients obtained from the inverse quantiza-
tion unit 202 from a frequency domain to an image domain
to reconstruct residual blocks, and outputs the reconstructed
residual blocks to the adder 204.

The adder 204 adds the residual blocks obtained from the
inverse orthogonal transform unit 203 and prediction blocks
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obtained from the switch 209 to reconstruct decoded blocks.
Next, the adder 204 outputs a decoded image stream includ-
ing the reconstructed decoded blocks to outside of the
apparatus, and stores the decoded image stream in the block
memory 205 and the frame memory 206.

The block memory 205 stores, on a block-by-block basis,
the decoded image stream obtained from the adder 204. The
frame memory 206 stores, on a frame-by-frame basis, the
decoded image stream obtained from the adder 204.

The intra prediction unit 207 performs intra prediction
using a block-based decoded image stream stored in the
block memory 205 to generate a prediction block for each
decoding target block, and outputs the prediction block to
the switch 209. The inter prediction unit 208 performs inter
prediction using a frame-based decoded image stream stored
in the frame memory 206 to generate a prediction block for
each decoding target block, and outputs the prediction block
to the switch 209. The switch 209 outputs, to the adder 204,
the prediction block gene